This paper examines the distribution of terricolous lichens at a regional scale across seven landscape types over 60 000 km2 in western New South Wales. Data are also presented on the distribution of lichens within a geomorphic sequence of runoff and runon zones on a red earth soil near Cobar. On a regional scale, 48 taxa from 23 genera were collected from 282 sites in semi-arid and arid eastern Australia. Of these, 74% were crustose or squamulose, and the remainder (26%) were foliose. Six genera (Acarospora, Endocarpon, Catapyrenium, Diploschistes, Peltula and Xanthoparmelia) accounted for 57% of species. Landscape type was a poor predictor of lichen floristics or crust cover. Instead, a core group of species comprising Collema coccophorum, Heppia despreauxii, Endocarpon rogersii, E. simplicatum var. bisporum, E. pallidurn, Psora decipiens, Peltula patellata ssp. australiensis, Catapyrenzum squamulosum and Synalissa symphorea, occurred in all landscape types. Plains wlth red earths had the greatest mean number of species per site (1 1.2) and the greatest mean crust cover (2T7%). Plains of calcareous earths yielded the greatest number of species (38). Across all sites, crust cover was a poor predictor of lichen species richness. However, on landscape types with non-calcareous soils, mean crust cover explained 88% of the variation in mean number of species. Whilst there was no difference in total number of species across a sequence of geomorphic zones, crust cover was significantly greater in the interception zones (79.0%) compared with either the run-on (6.6%) or run-off (24.0%) zones. These distributional data are compared with other published and unpublished studies from similar areas in Australia. The role of terricolous crusts as indicators of ecosystem health, and the influence of land management on crust cover and subsequent landscape stability are discussed.
Introduction
Terricolous lichens, particularly squamulose and crustose types, form intimate associations with other soil-inhabiting biota such as fungi, bryophytes, algae and cyanobacteria to form biological soil crusts (also known as microphytic, microbiotic or cryptogamic crusts ; West 1990) . They occur over extensive areas of arid and semi-arid rangeland in both the Northern and Southern Hemispheres, in areas which are not extensively sandy, stony or cultivated.
Biological soil crusts have a major impact on physical and ecological processes such as nitrogen fixation, infiltration, erosion, and recruitment and survival of vascular plants. Their resistance to heat and drought enables them to occupy habitats that are unsuitable for flowering plants (Rogers 1977) . Lichen photobionts such as the cyanobacterium Nostoc, fix atmospheric nitrogen, thereby increasing the soil nitrogen pool. Some evidence suggests that this nitrogen is made available to developing vascular plant seedlings (Harper and Pendleton 1993) . The mutual pressure between lichen thalli and the accumulation of eroded material around the lichens often leads to increases in surface microtopography. This microtopography or surface roughness is often sufficient to capture and retain rainfall. These higher levels of soil moisture and nutrients may eventually lead to the development of smallscale landscape patterning and favourable sites for germination and establishment of vascular plants (Harper and St Clair 1985) . Like moss patches, lichen crusts harbour and provide nutrition for soil invertebrates (Gerson and Seaward 1977) . Lichens also increase the resistance of soil surfaces to wind and water erosion (Williams et al. 1995; 
Materials and Methods

Study Area
The survey area covered approximately 600000 km2 of New South Wales, Australia. It is bounded in the north by the Queensland border (29"00fS), in the west by the South Australian border (141°00'E), in the south by the Murray River and in the east by longitude 147"301E. Grazing of sheep and cattle on native pastures is the principal land-use in the area, but some areas of permanent and opportunistic cropping are carried out along the eastern margins and in the south-west. Much of the survey lies within the Western Division, an administrative division where land tenure is predominantly leasehold, and ownership is vested in the Crown. Under the conditions of the leases, restrictions are placed on certain activities such as clearing and cropping.
Climate
Rainfall in the survey area is spatially and temporally variable, decreasing from 400 mm in the north-east to less than 150 mm in the far north-west (Fig. 1) . Rainfall is predominantly summerdominant in the north-east and winter rainfall increases with distance to the south-west (Fig. 1 ). Droughts are a regular feature of the climate. Diurnal temperatures are typically hot in summer (> 40") and mild in winter (> lo0), and evaporation increases from south to north and from east to west (Cunningham et al. 1981) .
Geomorphology
The majority of the survey area lies within the Murray-Darling Basin which is generally a depositional landscape. The Basin is overlain by a mosaic of Quaternary aeolian deposits, man): of which are calcareous. The most extensive depositional landscape comprises level to gently undulating plains of Quaternary aeolian sediments and localised colluvial materials (Pickard and Norris 1994) , on which are superimposed broad sand sheets and linear and subparabolic dunes. Plains of Quaternary alluvium are found on the Riverine Plain in the south-east, and along the floodplains of the major rivers, particularly the Darling, Murrumbidgee and Murray Rivers which drain most of the area. Small areas of erosional landscape including ranges, hills and mesas with rocks of Precambrian and Tertiary age occur in the north of the survey area near White Cliffs, Cobar and Broken Hill.
Landscape Types
The landform, soils and vegetation in the survey area can be classified into seven broad landscape types (Fig. 2) . Nomenclature of flowering plants follows Harden (1990 Harden ( -1993 . Fig. 2 . Distribution of the seven landscape types in the survey area. 1. Ranges and hills; 2. Footslopes and rolling downs; 3. Plains of earthy sands and dunes of neutral red earths; 4. Sandplains and dunefields of calcareous earths; 5. Plains, low ridges and flats of loamy red earths; 6. Relict floodplains, playas and drainage lines; 7. Active floodplains, drainage lines and depressions.
V I C T O R I A I
( I ) Ranges and hills of shallow loams
These are scattered throughout the survey area and support sparse mulga (Acacia aneura), and a variable understory of sparse grasses and forbs, and occasionally, perennial shrubs of the family Chenopodiaceae.
(2) Footslopes and rolling downs of loamy duplex soils These occur on the margins of the erosional landscapes near White Cliffs, Tibooburra and Broken Hill. The soils, which are often overlain by a mantle of quartz or silcrete gravel, are generally resistant to erosion, but support only sparse grasses. The intervening clay depressions support a shrubland dominated by saltbushes (Atriplex spp.) and bluebushes (Maireana spp.).
(3) Extensive plains of earthy sands and dunes of deep neutral red earths These landscapes occur in the north-west of the survey area, between Bourke and Tibooburra. The soils are typically sparsely vegetated, and moderately susceptible to wind erosion. They support scattered mulga, moderately dense shrubs in the genera Eremophila, Dodonaea and Senna, and sparse pastures.
(4) Sandplains and dunefields of calcareous earths
This is the predominant landscape in the south-west of New South Wales. It supports a woodland dominated by belah-rosewood (Casuarina cristata-Alectryon oleifolium) and tall shrublands dominated by mallees (Eucalyptus spp.). When pasture cover levels are low these soils are subject to wind and water erosion.
(5) Plains, low ridges andflats of loamy red earths
This landscape type occurs over extensive areas in the east of the survey area between Bourke and Griffith. The woodland vegetation is dominated by bimble box (Eucalyptus populnea), red box (E. intertexta), white cypress pine (Callitris glaucophylla) and mulga, and typically supports a dense understory of perennial shrubs (Dodonaea, Eremophila and Senna spp.) and sparse grasses. These landscapes are often severely degraded through woody shrub encroachment, water sheeting and gullying.
(6) Relictfloodplains, playas and drainage lines
Occurring predominantly on the Riverine Plain, this landscape comprises a mosaic of red and brown duplex soils and grey clays, and supports saltbushes, bluebushes and varied grasses. The duplex soils are susceptible to scalding (Beadle 1948) once the overlying coarser textured topsoil has been removed through erosion or overgrazing. 
Methodology
Major roads and tracks, selected to form a regular grid of sites, were traversed in order to comprehensively survey the area. The sites were selected at intervals of 10-30 km along these routes. Some areas of special interest such as National Parks, long-term grazing exclosures, railway corridors and regeneration areas were included. At each of 282 sites, transects were established perpendicular to, and commencing 100-200 m away from, the edge of the road. Along each transect, 10 x 0.50 m2 quadrats were laid down to form the basis for data and soil crust collection.
Field data were collected from within each quadrat in order to determine relationships between the vascular plants, the soil surface, and soil lichens in the crusts. Quadrat-based measurements of soil surface condition, microtopography, landscape element type, slope, and type and degree of erosion were also made. Concurrently, observations of the cover and relative composition of lichens, bryophytes and cyanobacteria were made from within the same quadrats, along with observations on cover and type of vascular plants, and cover and type of litter. Separate samples of the soil crust were collected from up to four quadrats within each transect, and transported to the laboratory for identification of lichens and bryophytes present in the crusts. Sufficient samples were collected to provide voucher specimens. Additionally, bryophytes and lichens present at the site but absent from the transects were collected separately to ensure that all species at a given site were collected. Only data on cover and floristics of terricolous lichens are discussed in this paper.
Soil samples were sieved in the laboratory using a 2 mm sieve, and lichens were identified using keys published by Filson (1988 Filson ( , 1992 , Filson and Rogers (1979) and McCarthy (1991a) , as well as more recent generic revisions. Considerable help was obtained from Australian and international lichenologists. Lichen nomenclature conforms to that of McCarthy (1991b) or more recent monographs. Voucher specimens are lodged with the National Herbarium of New South Wales (NSW).
Identification of Species
In the survey area, some lichens, particularly crustose forms, were infertile and therefore could not be identified. Particular difficulty was experienced in differentiating sterile Lecidea spp. from Diploschistes spp. Specimens whose determinations were in doubt have been omitted from this paper. Two morphological groups of Collema coccophorum have been identified, based on thallus shape. Group A is characterised by a thallus, which has few lobes but abundant cylindrical isidia. Group B has a rosette form with many distinct lobes, which may be erect or prostrate.
Results and Discussion
Distribution of Species and Growth Forms
Forty-eight terricolous lichens, representing 23 genera from 14 families, were found in the survey area ( Table 2 ).
The soil crust community was characterised by squamulose (43%) and crustose (31%) growth forms. Foliose growth forms comprised the remainder (26%, Table 1 ). Although the fruticose lichen Cladonia sp. was collected at 37 sites in the study area (Table I) , it was only found as primary thallus squamules. Consequently, consistent with other studies (Rogers 1970; Rogers 1974) , it is recorded as squamulose in this study. Although no other typical fruticose lichens were collected in this study, terricolous Cladia aggregata and C. corallaizon have been collected from within the study area at Nymagee near Cobar (Wells and Hynson, unpub. data), and from Cocoparra Nature Reserve north of Griffith (Curnow and Lepp, unpub. data) . Data on the proportion of squamulose to crustose growth forms (74%) are similar to those reported for other arid and semi-arid regions (57-97%; see Rogers 1974) . Apart from the vagrant Chondropsis semiviridis, all species were attached to soil. Only a few of the Xanthoparmelia spp. found in the survey area also were attached to rocks.
Factors Affecting Lichen Distribution
Regional-and landscape-scale distribution Both mean annual rainfall and diurnal summer temperatures are known to influence the regional distribution of soil crust communities in eastern Australia (Rogers 1972b) . High summer temperatures suppress photosynthesis when lichen thalli are hydrated (Rogers 1971) . Consequently, crusts are poorly developed in areas where summer rainfall is dominant. Rogers ( 1 9 7 2~) maintains that either mean annual or seasonal distribution of rainfall can be invoked to adequately explain the distribution of calciphiles, due to the clear relationships between rainfall characteristics, soil pH and presence of free calcium carbonate in the soil.
As lichens are strongly influenced by changes in substrate characteristics (Galun 1963; Rogers and Lange 1971; Downing and Selkirk 1993) , distributional patterns are likely to mirror changes in soil and landscape properties such as soil texture, soil depth, water-holding capacity and slope. Fulgensia subbracteata is gypsophilic, and specimens found in arid and semi-arid eastern Australia were generally restricted to areas where gypsum crystals occurred on the soil surface. Similar observations are reported by St Clair et al. (1993) for the same species in the semi-arid Intermountain ~e~i o~ of Western USA. Similarly, in the present study, Diploschistes hensseniae, D, muscorum ssp. bartlettii, D, ocellatus, Neofuscelia pulla and Xanthoparmelia subdistorta were restricted exclusively to calcareous soils. Other species such as the calciphiles Aspicilia calcarea, Eremastrella crystallifera and Toninia sedifolia were more common and occupied a greater surface area on high pH (> 8.5) soils.
Ordination of the presence or absence data of species at the 282 sites of the present study indicated that landscape type was a poor discriminator of lichen floristics. The lowest number of species were found on active floodplains (FLACT; Table 3 ). From the active floodplains, the total number of species increased through footslopes (FTSLO), ranges (RNGHL) and sandplains (PLSND), relict floodplains (PLREL), to plains with red earths (PLRED) and calcareous (PLCAL) plains (Table 3) . Although the ordination did not classify suites of lichens unique to each of the landscape types, clear trends were nevertheless apparent in each of the seven landscape types.
(1) Active floodplains, drainage lines and depressions Lichens occurring infrequently on the active floodplains (FLACT) dominated by clay soils comprised a 'core' group of species which were broadly distributed on all landscape types (Table 1) . These included Collema coccophorum B, Heppia despreauxii, Endocarpon rogersii, E. simplicatum var. bisporum, Psora decipiens, Peltula patellata ssp. australiensis, Catapyrenium squamulosum, Endocarpon pallidum and Synalissa symphorea. Where clays occurred in association with duplex soils, soil conditions were more conducive to lichen growth. Most species, which occurred less than five times on active floodplains included the species comprising the core group and isolated squamae of Endocarpon simplicatum var. simplicatum and small areoles of Lecidea ochroleuca.
(2) Footslopes and rolling downs of loamy duplex soils Footslopes dominated by desert loams and brown gibber soils supported 17 lichen species. Crust cover was generally low (13.3%, Table 3 ), and lichens occurred as isolated squamae. Peltula patellata ssp. australiensis was frequent at some sites. Additional species not found in active floodplains included: Collema coccophorum A, Endocarpon pusillum, Eremastrella crystallifera, Catapyrenium pilosellum, C. lacinulatum and Heterodea muelleri. Peltula imbricata was found at one site where grazing had been excluded for more than 50 years.
(3) Ranges and hills of shallow loams
Ranges and hills of shallow loams supported a moderately high number of lichen species (23 species), although the abundance of individuals within a site was relatively low. The dominant lichens were Collema coccophorum B, Endocarpon pusillum and Heppia despreauxii. Although some lichens were found as scattered thalli, crust cover was moderately high (23.9%, Table 3 ), particularly in areas supporting a dense cover of perennial chenopod shrubs. Heterodea beaugleholei, Caloplaca spp., Cladonia sp., Trapelia coarctata, Diploschistes thunbergianus, Xanthoparmelia bellatula, Buellia subcoronata and Peltula subglebosa were additional species to those found in the previous two landscape types.
(4) Extensive plains of earthy sands and dunes of deep neutral red earths
The plains with sands associated with dunefields and sandplains between Bourke and the South Australian border supported a depauperate cover of ephemeral and perennial vascular plants. As lichens require a stable vascular cover prior to colonising the soil surface (Rogers Table 1 
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(5) Plains, low ridges andflats of loamy red earths
Plains with red earths supported a suite of 33 lichen species and the highest mean crust cover of 27.7% (Table 3) . (6) Relictfloodplains, playas and drainage lines Thirty-one lichen species occurred on relict floodplains dominated by duplex soils. Some of these sites were located within the Willandra Lakes system north-east of Mildura, a system of relict lakebeds and paleochannels supporting open grasslands and chenopod shrublands. Common species included Collema coccophorum B, Endocarpon pusillum, Heppia despreauxii and Catapyrenium squamulosum. There were many species with less than six occurrences in this landscape type. On low chenopod shrub steppe on the Riverine Plain, sparse Xanthoparmelia spp. were found in sheltered rnicrosites such as under shrubs, particularly where the soils were slightly alkaline (pH > 8.0).
(7) Sandplains and dunefields of calcareous earths
Plains of calcareous earths supported a rich suite of lichens (and associated bryophytes, Eldridge and Tozer 19966). Despite a mean crust level of 20.9% (Table 3) , crust coverage on some quadrats in this landscape type often exceeded 80%. The most common lichens included Collema coccophorum A and B , Endocarpon pusillum, Heppia despreauxii, Endocarpon rogersii and Psora decipiens. Less commonly occurring species included Catapyrenium pilosellum, C. squamulosum, Endocarpon simplicatum var. bisporum, Eremastrella crystallifera, Lecidea ochroleuca and Synalissa symphorea. Xanthoparmelia spp. were locally abundant in belah-rosewood woodlands and Aspicilia calcarea was found almost exclusively on calcareous soils.
Microsite-scale distribution
Apart from differences in distribution at a regional and landscape scale, terricolous lichens are strongly influenced by changes at micro-habitat scales (Scott 1982) . Large-scale patterning or heterogeneity is a regular feature of many semi-arid landscapes, and in the semi-arid woodlands in eastern Australia, it operates at spatial scales of 50-100 m (Tongway and Ludwig 1990) . The operation of these landscapes is controlled by topography, with small changes in slope generating toposequences of run-on and run-off. Water lost from smooth, poorly draining bare slopes (run-off zones) accumulates in vegetated flats and depressions (run-on zones) lower down the slope. Organic matter and soil nutrients accumulate in these run-on zones through a combination of biotic recycling and abiotic processes, particularly erosion (Tongway and Ludwig 1994) . In most systems, an intermediate interception zone occurs at the upslope edge of the run-on zone. This has characteristics of both run-on and run-off zones and supports a variable cover of perennial grasses. Vascular plant growth and biological activity is greatest in the interception and runon zones.
The distribution of lichen-and bryophyte-dominated soil crusts was examined in a patterned Callitris glaucophylla woodland that exhibited clearly defined run-off, interception and run-on zones. Data on cover and floristics of soil crust biota were collected from 10 x 0.5 m2 quadrats in each of the three zones. Crust cover was significantly greater in the interception zone (mean 2 s.e.m. 79.0 + 3.48%) compared with either the run-off zones (24.0 +. 4.09%) or the densely timbered run-on zones (6.6 rt 3.37%; F2,,, = 106.57, P < 0.001).
Low cover levels in the run-on zones were attributed to the buildup of litter from the Callitris trees, and individual lichens were restricted to areas of bare soil around the tree trunks. Whilst there were no significant differences in the number of lichen species between the runoff (14), interception (19) and run-on (15) zones (P = 0.1 18; Table 4 ), five species, Buellia subcoronata, Heterodea beaugleholei, Psora decipiens and Xanthoparmelia sp. and Catapyrenium pilosellum, were restricted exclusively to the interception zones (though the latter was collected in a single quadrat only).
At a finer scale, some lichens prefer certain microsites over others. These microsites, patterned by local changes in slope, tree, shrub and pasture cover, soil surface micro-relief, and erosion, varied at scales of centimetres within the boundaries of the 0.5 m2 quadrats. By contrast to Heterodea spp., which prefer shaded microsites with high cover of perennial grasses, moderately dense shrubs (e.g. Dodonaea spp., Senna spp.) and sparse litter, (Eldridge and Gittins, unpub. data) . Open sites were also favoured by the crustose lichen Lecidea ochroleuca, and to a lesser extent the ubiquitous Peltula patellata ssp. australiensis. Endocarpon pallidum was generally associated with sites of low slope and surface micro-relief, generally as individual squamae unassociated with extensive crusts (Eldridge and Gittins, unpub. data) . The lichen species referred to above as the 'core group' had widespread distributions which were disassociated with any of the measured environmental gradients. These species, which included Collema coccophorum B, Heppia despreauxii, Synalissa symphorea and Peltula patellata ssp. australiensis often occurred as individual squamae in landscapes where crusts were poorly developed. Rogers (1974) termed these species 'pioneers', as they tended to occur early in the successional development on soil surfaces, and did not appear to be adversely affected by grazing (Rogers and Lange 1971) . For example, both morphological groups of Collema coccophorum were often found partially buried in the soil surface, suggesting that they are capable of occupying less stable microsites.
Crust Cover and Floristics
Crust cover is defined as the proportion of the soil surface occupied by biological soil crusts. Whilst crusts also included bryophytes, cyanobacteria, fungi and bacteria (Eldridge and Tozer 1996b) , lichens comprised the bulk of the visible biota inhabiting the crusts. Analysis of individual site data ( n = 282) indicated no clear relationship between crust cover and number of species found at a site ( P > 0.05). Even when data for the seven landscape types were analysed separately, there were still no significant relationships (P ranged from 0.08 (for plains of calcareous earths) to 0.91 (for active floodplains)) Whilst data in Table 3 suggest a linear relationship between mean crust cover and mean number of species (n = 7), the relationship was not significant (F1 = 2.44, P = 0.179) when all landscape types are considered. However, using data for only those landscapes with noncalcareous soils (ranges and hills, footslopes, active floodplains and plains with red earths), the relationship between cover and floristics was significant (F1,2 = 23.17, P = 0.041), and mean crust cover explained 88% of the variation in mean number of species.
Intuitively, it would be expected that greater cover would equate with a more stable surface, and thus greater biodiversity. However, considering all sites and landscapes, generally this was not the case in the present study. Stable sites, in terms of maximum crust cover and therefore resistance to erosion, were often dominated by fewer species. The weak relationship probably relates to different histories of disturbance, particularly grazing, and recovering sites would probably have been dominated by few species, whereas sites in good condition may have supported many more species despite similar cover levels between the two.
Comparisons with Other Studies
A comprehensive list of lichens reported from other semi-arid and arid regions in Australia is given in Table 5 . Although differences in the scale of the studies (i.e. regional cf. landform scale), taxonomic changes and problems in identifying some species to species level make direct comparisons between these various studies difficult, a few generalisations can be made. Only one lichen, Psora decipiens, was recorded in all studies, possibly because of its extensive distribution on calcareous soils throughout semi-arid and arid Australia, but also because its pink squamules are distinctive in the field. With the exception of the Northern Territory lichens (Sammy, unpub, data) , the other studies lie within the Murray Basin, where the contemporaneous material overlies Tertiary marine deposits rich in calcareous sediments (Northcote 1980) . Other species found in 7 or more of the 10 studies included Collema coccophorurn, Cladonia sp., Endocarpon pusillurn, Erernastrella crystallifera and Peltula patellata ssp. australiensis (P. australiensis or P. patellata).
The greatest number of species (48) was recorded in the present study, followed by the Cobar-Nymagee study (Wells and Hynson, unpub, data) (39) and lichens found in the arid regions of the Rogers and Lange (1972) study in NSW and SA (28). The Cobar-Nymagee and the Rogers and Lange (1972) studies recorded 28 (57%) and 22 (45%) lichens in common with the present study respectively.
Roles of Soils Crusts in Rangeland Health and Biodiversity
Soil crust lichens are susceptible to trampling and fire (Eldridge and Greene 1994b) , but during droughts under low to moderate stocking levels, they are often the only form of biological covering on the soil surface. Whilst traditional rangeland assessment has relied on measurements of the vascular plant community alone, there has been an increasing emphasis on the use of soil surface condition as an indicator of ecosystem health. Methodologies have been developed that link soil crusts with indices of rangeland health (Tongway and Smith 1989; Tongway 1994) . Integral components of the soil surface condition assessment are cover and composition of mosses, lichens and other non-vascular plants (cryptogams) on the surface.
Preliminary work from the semi-arid woodlands of eastern Australia (Eldridge et al. 1995b; Eldridge and Koen, unpub. data) indicates that some lichens are useful indicators of landscape health. The foliose lichens Xanthoparmelia spp., Chondropsis semiviridis, Heterodea spp, and the squamulose Cladonia sp. were generally associated with landscapes in excellent condition. Many of the squamulose lichens such as Endocarpon pusillum, Eldridge (1995) , Mungo National Park, NSW; 3, Eldridge and Kinnell (1997), Mungo National Park, NSW; 4, Sammy (unpub. data) , arid Northern Territory; 5, Scott (1982), Wyperfeld National Park, Victoria; 6, Rogers (1974) , Koonamore Reserve, South Australia (SA); 7, Rogers and Lange (1972), arid NSW and SA; 8, Hyde (1994) , mid-North SA; 9, Wells and Hynson (unpub. data), Cobar and Nymagee, NSW. 10, Eldridge (current study B~ncludes species assigned to Parmelia spp. sens. lat. C~ncludes species assigned to Heppia polyspora by Rogers (1974) . D~robably includes Catapyrenium spp.
E. rogersii and Collema coccophorum had no preference for sites within a given condition class. Xanthoparmelia spp., particularly, were only found in sites with a conservative grazing history. Their role as indicator species is not surprising given that they are extremely longlived, slow growing and susceptible to trampling. Low levels of trampling probably aids dispersal of vegetative propagules, however the thalli are likely to disintegrate under moderate to high levels of trampling (Eldridge and Tozer 1996~) . There are few data on the conservation status of Australian soil crust lichens. Most data relate to the loss of biodiversity in more mesic systems such as old growth forests or coastal rainforests where habitats are being altered by logging and urban encroachment. Because soil lichens are small, often infertile, and strongly weathered due to the extremes of climate, some genera are difficult to identify to species level. Like the bryophytes, their presence or absence in certain environments may merely be an artefact of the collection procedure, rather than a true reflection of intrinsic habitat preference (Eldridge and Tozer 199617) . The value of this survey however is that it provides a benchmark upon which future assessments of lichen biodiversity can be made.
A number of species including Aspicilia contorta, Diploschistes muscorum ssp. bartlettii, D: hensseniae, Peltula imbricata and Acarospora reagens were found at only a few locations in the survey area. Although more intensive collections may uncover additional specimens, data from the present study suggest that more information is needed about their habitat requirements if their conservation status is to be assessed. For example, Heterodea muelleri was found at only five locations in arid NSW and is probably at the edge of its distribution. It is known to be more abundant in the temperate areas of eastern Australia (Rogers 1970) , where its conservation status is probably secure.
Two of the above species were generally restricted to lightly grazed or ungrazed sites. Peltula imbricata was collected at only four locations, including the regeneration area around the mining town of Broken Hill where it is locally abundant. Fertile specimens were common in this area which has been largely ungrazed by domestic livestock for more than 60 years. Similarly, Acarospora reagens was a common component of the soil crust, occurring with Catapyrenium squamulosum and Collema coccophorum on non-calcareous clays at only one site west of Condobolin. The site, a Soil Conservation Service Experimental Area, was fenced in the early 1950s to exclude domestic grazing animals, and represents a remnant of Atriplex vesicaria shrubland which was formerly common across the district. A single specimen of Xanthoparmelia constipata was collected from Cobar Regeneration Area, a formerly degraded area around the township of Cobar which has been allowed to regenerate in the absence of domestic livestock. More intensive examination of these exclosed areas will undoubtedly reveal other new and interesting records for the region.
Soil Crusts and Land Management
Soil surfaces with crusts comprising an extensive cover and rich diversity of lichens, mosses and other microbiota are generally associated with enhanced soil structure, aggregate stability and infiltration, and lower rates of sediment removal compared with sites with low cover and composition of crusts (Greene and Tongway 1989; Eldridge 1993a Eldridge , 1993b Eldridge and Greene 1994b) .
Superimposed, upon landscape and microsite distributions, is the overriding influence of land management, particularly grazing, fire and land clearing. These activities have markedly reduced crust cover and composition in many areas (Eldridge and Greene 1994b) . Whilst crusts may have coexisted under grazing by soft-footed native animals such as kangaroos, the accepted view is that a century of European pastoralism, as well as human and vehicular damage, has resulted in the their widespread destruction. This is also associated with an increasing cover of woody shrubs, increases in erosion and a loss of pastoral productivity (Harrington et al. 1984; Harper and Marble 1989; West 1990) .
The occurrence of poorly developed lichen crusts on active floodplains with clay soils probably relates to their inability to persist under frequent flooding or to survive on seasonally cracking soils. On relict floodplains however, changes in species composition of the vascular plant community may lead to reductions in the cover and composition of lichen crusts. For example, conversion of a stable shrubland dominated by Atriplex vesicaria and Maireana pyramidata to an annual grassland dominated by species such as Hordeum leporinum and Medicago polymorpha leads to higher levels of biomass and cover, and reductions in the area of bare ground during average seasons. Consequently, increased competition for light and moisture may lead to reduced lichen cover. This has been demonstrated in mallee (Eucalyptus spp.) shrublands where buildup of leaf litter on the soil from the Eucalyptus spp. eventually restricts the growth of lichens and mosses, probably by occupying suitable microsites for establishment (Eldridge and Bradstock 1994) . Conversion of shrublands to grasslands through inappropriate grazing management may increase the frequency of wildfires in areas where they were once uncommon. As lichens are known to be susceptible to fire (Greene et al. 1990; Eldridge and Bradstock 1994) , increased fire frequency may result in substantial damage to the lichen community.
Overgrazing of soils where crusts are a dominant component is likely to lead to a reduction in species diversity and changes in soil hydrology. Rogers and Lange (1971) showed that stocking pressure caused a differential destruction of lichen species at distances out from the watering point. Unlike vascular plants, all lichens were affected to a certain degree, and their frequency decreased as stocking intensity increased. Similarly, Andrew and Lange (1986) showed that after a new water point was constructed in a semi-arid chenopod shrubland, the frequency of crustose lichen increased markedly with distance from the water point. They attributed this to sheep grazing, and showed that soil bulk density increased by up to 20%, but dust fallout increased only marginally (Andrew and Lange 1986) .
Land clearance for dryland farming destroys stable soil crusts, and probably leads to reduced vascular plant and invertebrate biodiversity. Furthermore, as the lichen components of these crusts are slow-growing, regeneration after cropping is likely to be slow or nonexistent. Generally, lichens require a permanent vegetation cover before actively stabilising degraded surfaces. Rogers (1970) reported that lichen crusts at Koonamore Regeneration Area in the South Australian pastoral zone were still markedly reduced even after 44 years of exclosure. In the present study, sparse crusts on abandoned cropping sites were dominated by Collema coccophorum or various cyanobacteria.
Low risk stocking is recommended as an appropriate strategy for maintaining vital soil processes and minimising damage to soil crusts and the associated surface . Land managers should aim to reduce grazing intensity by dispersing stock over large areas of rangeland rather than concentrating them in small areas. This is often inconsistent with practices such as feeding stock in small holding paddocks during droughts, which will increase the risk of damage to the soil surface and lichen crust, particularly during summer when the soil is dry and susceptible to destruction (Harper and Marble 1989) .
The positive role of lichen crusts in infiltration, soil stability, soil nutrition and vascular plant regeneration, reinforces the popular belief that crusts are indicators of a healthy land condition. Their importance in ecological processes in semi-arid rangelands means that they should be included in Environmental Impact Assessment methodologies. Protocols to assess land condition have already been developed (Tongway 1994) , and cover and composition of biological soil crusts, and particularly lichens, are a major component of this system.
